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I. INTRODUCTION. 


This work was undertaken to provide (a) a morphological basis for future 
studies in cell physiology and (b) a cytological basis tor studies on the histology of 
oyster gonads in rélation to seasonal and sex cycles, etc., undertaken by the C.S.LR. 
Marine Biological Laboratory, Cronulla, N.S.W., in their programme of oyster research. 

In Gonnection with the first aim, the ovaries and eggs of the locally available sea 
urchin Helidcidaris and the starfish Patiriella were examined. While cytologically 
interesting, they were not considered suitable for cell physiological studies, as, apart 
from the large size of the egg and the presence of large numbers of fat globules, the 
eggs were available for only a short period and the adults were difficult to maintain 
in the laboratory. Investigation showed that the eggs of the Sydney Rock Oyster were 
more satisfactory for physiological studies. 

The taxonomic position of the animal appears to be somewhat confused. Iredale 
(1936) assigns it to a new genus Sazxostrea. Thomson (1945) sees no reason for this 
split or for a departure from the genus Ostrea (possibly with subgeneric rank of 
Gryphea). Iredale and Roughley (1933) consider the animal to be a new species— 
commercialis. Prior to 1933 it was referred to glomerata or cucullata. Throughout this 
paper it will be referred to as Ostrea commercialis. 


1. Previous Literature on Pelecypod Oogenesis. 


No exhaustive search of the literature has been made, but the following observations 
of other workers on oogenesis were noted in the course of general reading on this subject. 

Woods (1932) describes the ovary and mitochondria of the freshwater eulamelli- 
branch Sphaerium. He finds a well-developed germinal membrane with nurse cells 
which were engulfed by the growing oocyte. The latter retains connection with the 
follicle wall by a stalk. The mitochondria, which are represented by a cloud of small 
granules, are at first perinuclear, but adopt a basal position as the stalk develops, and 
retain this position in the mature egg. They were considered to be germ cell 
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determinants in this animal and were segregated fairly completely in one cell of the 
blastula. 

Okada (1934) describes the histology of oogenesis in the freshwater lamellibranch 
Musculium heterodon. He finds all stages of maturation in the ovary at the one time. 
The egg retains connection with the follicle wall by a stalk for a considerable time. 
The nucleus is distal and the nucleolus often multiple. 

Rai (1930) worked cn the Bombay oyster Ostrea cucullata. In the living egg, he 
describes clear spherical bodies and small granular bodies, neither of which stained 
with neutral red. The former were regarded as Golgi bodies and an apparent change 
in their composition was noted in eggs stained with osmium tetroxide—in the young 
eggs the bodies assumed a copper hue, while in the mature egg they became black. 
On this and other grounds he considers that neutral tat is laid down in them as 
oogenesis proceeds. The mitochondria which at first are small and perinuclear in 
position are larger and evenly distributed in the mature egg. Nucleolar extrusions 
are also described. s zi 

Subramaniam (1937) describes the cytoplasmic aspects of oogenesis in the Indian 
bivalve Meretrizx casta. He finds the mitochondria first appearing on one side of the 
nucleus in early oocytes. They later become perinuclear, multiply, become more 
fuchsinophilic and are uniformly distributed in the mature egg. The Golgi bodies first 
appear in an oocyte larger than that in which the mitochondria first appear, and there 
is no nuclear concentration of these bodies at any time. From the first they appear 
as vesicles. Neutral red stains first the interior of the vesicle and there follows a 
diffuse staining of the cytoplasm around the vesicle. Subramaniam used normal saline 
(presumably mammalian) as a suspension medium. With further staining, neutral red 
vacuoles appear de novo in the cytoplasm. A similar vacuolation could: þe produced by 
alkaline water. Throughout oogenesis the nucleolus was forming buds which attached 
themselves to the nuclear membrane and diffused out. During this budding process 
the nucleolus sometimes showed vacuolation. 

Worley (1944), using the mussel Mytilis californianus, finds the mature egg 
50—70u in diameter, orange in colour and having a well-developed endoplasm-cortex 
differentiation. In the former were yolk granules blackening with osmium tetroxide, 
while the latter consisted of rod-shaped mitochondria lined up perpendicular to the 
egg surface. The Golgi bodies, which were differentiated from the endoplasmic yolk 
by means of his methylene blue technique, were small endoplasmic spheres or vesicles. 
In the youngest cells the cytoplasm has a few chromophilic granules (? mitochondria) 
and groups of osmiophilic vesicles which separate when the oocyte is 15u. The mito- 
chondria assume a peripheral position when the oocyte is 25-304 in diameter. There 
was evidence of clumping and formation of fat in the Golgi bodies as the egg developed. 
The cell on spawning was in the metaphase of the first reduction division. 

Investigations prior to the advent of modern cytological methods were not 
abstracted. They are referred to by Wilson (1925). The papers of Coe (1930-47) on the 
‘histology `of gametogenesis in various pelecypods will not be considered since the 
cytological aspects are not dealt with. 


Roughley (1933) describes some histological aspects of oogenesis in the present 
species. 


II. MATERIALS AND METHODS. 
1. Living Material. 

The oysters used in this investigation were obtained from the C.S.1.R. experimental 
lease at George’s River and were 2-3 years old. The chlorinity of the water on the 
lease fluctuates slightly around 19% and only rarely falls below this figure. On receipt, 
the oysters, which had been out of water for 24-48 hours, were placed in a large glass 
trough of aerated oceanic sea water (Cl 19%,). They were usually kept in this trough 
until required and were never used unless they had been in ¿it for at least an hour. 
As long as adequate aeration was maintained they remained satisfactory for use for 
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some weeks without food and without a change of water. However, fresh oysters were 
procured weekly. During the period of this investigation, most animals possessed ripe 
gametes, and this state appears to exist for about five months of the year (Kesteven, 
unpublished data). 

The animal is opened and transferred to a dish of sea water. A sample of gonad 
contents is obtained by scraping a part of the ovarian wall onto a slide, and the sex 
determined by examination with low power. The visceral mass is separated from the 
surrounding tissues with fine scissors and given two more washes in fresh sea water. 
With a small ophthalmic scalpel the vesicular tissue covering is reflected and the 
tissue shaken in fresh sea water. Further fine dissection down to the brownish digestive 
diverticula, with intermittent shaking in sea water, removes most of the eggs in the 
ovary. From six medium sized oysters, 0-9 gm. of alcohol-ether dried eggs was obtained. 
Any large material may be removed by filtration through 80- and 200-mesh plankton 
netting—the eggs will pass new 200-mesh net without damage. For fertilization 
experiments, damaged eggs may be separated by allowing short periods of settling, 
followed by pouring or siphoning off the supernatant. The early oocytes may be 
concentrated by differential centrifugation. 

The use of sea water as the suspension medium proved entirely satisfactory for 
oocytes of all stages. Monti has shown that in O. edulis and M. edulis the body fluids 
are isosmotic with sea water. : 

Eggs so removed from the ovary were considered essentially ann OE with 
naturally spawned eggs for the following reasons: (a). No cytological or cytochemical 
differences existed between ovaries removed from animals known to be in the. act „of 
spawning and the ovaries of mature females used here. : (b). No such differences existed, 
between naturally spawned eggs and eggs artificially, removed. (c). Eggs so removed 
could be fertilized and undergo normal development. : 

Special methods used in the study of, living eggs are given in the text. 


2 Fixed Pr eparations. 


The following fixatives were used: Bouin, Helly (routine fixative) with or without 
post- chromation for 48 hours at 40° C. in 2-5 % potassium dichromate, Champy (with 
2:5% NaCl added for osmotic, reasons), Aoyama and Baker’s formol calcium (both with 
1:5% NaCl added for osmotic reasons), chilled acetone, Mann’s fixative followed by 
Ludford’s modification of the Kopsch procedure and the Kolatchev method. 

Dehydration was effected by alcohol, dioxan, acetone and by freezing drying. The 
latter, which was designed for the study of lipide cytochemistry, consisted of freezing 
a fixed block of tissue on a freezing microtome and transferring rapidly to a bottle 
containing silica gel (with indicator) kept in the freezing chamber of a refrigerator. 
The bottle is then rapidly evacuated with a Hyvac pump. To increase the rate of 
freezing and also to make the block more rapidly removable from the freezing micro- 
tome, small quantities . of 40% alcohol were used. Tov much alcohol is to be avoided. 
because of the chance of ‘contaminating the oil in the pump. After dehydration (24-36 
hours), the block is removed and placed in a small specimen tube resting in a test-tube 
of paraffin in an embedding oven. After evacuation of the test-tube it is tilted and the 
paraffin allowed to permeate the block of tissue. This embedding process takes only 
a few minutes. 

The following stains were used: iron haematoxylin, Ehrlich’s haematoxylin, sudan 
black, Bensley-Cowdry, and Champy-Kull. The Feulgen method used was that of. 
Rafalko (1946), since his reasoning seemed cogent and a more intense stain without 
any loss of specificity was achieved than with the older methods. Hydrolysis times 
were 8 minutes for Helly preparations, 25 minutes for Bouin. 

The Masson technique proved very useful as a routine stain for this material and. 
several other invertebrate tissues have also been successfully stained. The greater 
ease of histological analysis in specimens which show a good. differentiation. of structures. 
makes the capriciousness of the method well worth bearing. ..‘The techniques described. 
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for mammalian material were unsatisfactory, since the light green was invariably 
removed by the final aqueous acetic acid wash. 

The following method was found satisfactory (after Helly fixation): 

(a). Place in 5% ferric alum 5 minutes. (b). Wash rapidly in water. (c). Place in 
haematoxylin 5 minutes (2% solution of haematoxylin in 95% alcohol (ripened with 
hydrogen peroxide) 1 part, distilled water 4 parts). (d). Wash in water. (e). Stain 
7 minutes in ponceau-acid fuchsin stain (ponceau 2 R 0-7 gm., acid fuchsin 0:3 gm., 
1% acetic acid 100 ml.). (f). Wash in 1% acetic acid. (g). Place in phosphotungstic 
orange G solution 4 minutes (phosphotungstic acid 5 gm., orange G 1:5 gsm., distilled 
water to 100 ml.). (A). Drain and place in light green solution 2 minutes (light green 
SF 25 gm., 25% acetic acid 100 ml.). (i). Drain, dehydrate rapidly in 95% alcohol 
and place in absolute alcohol. (j). Take each slide separately to a solution of 5% acetic 
acid in 95% alcohol and differentiate the green colour. (k). Pass through absolute 
alcohol, xylol, and then mount. Step (/) is the critical one, but the colour of a 
propérly differentiated section is recognized with a little practice and the step is 
sufficiently slow to give an adequate margin of safety. 

In Mann-Kopsch preparations the ground cytoplasm blackened to such an extent 
that the cytological structure was obscured. Reduction of the post-osmication to 24 
hours did not obviate this, neither did turpentine remove the colour. It was found that 
potassium permanganate (4%) for +4 a minute followed by oxalic acid (5%) for 
% Minute removed the extraneous colour completely. Leaving in permanganate for up 
to 8 minutes removed little more colour than a 12-second treatment and evidently only 
artefactory osmium blackening was removed. It is possible that some of the ground 
plasm réaction wis due to the breakdown of some of the lipide granules, since not all 
the lipide bodies in any cell were perfectly fixed except in preparations made directly 
on the slide. 

Centrifugal studies were made using ah International S.B.I. centrifuge at a speed 
of 4,500 r.p.m. (approx. 3,500 g.) for 15-30 minutes. 

Eggs removed from the animal, as described, were suspended in sea water and 
5 volumes of 0-9 M (31%) sucrose added. This gave a flotation medium approximately 
isopycnotic with the eggs. After centrifugation the eggs were either studied fresh or 
fixed in 1% osmic acid or Helly’s fluid. After fixation the centrifuged eggs were 
either embedded in paraffin or smears were made from the egg suspension. 

Measurements were made by one of four methods: (a). For the smallest measure- 
ments, a Zeiss screw ocular-micrometer (1 division on drum = 0-1795y); (b). by drawing 
with a camera lucida and measuring the drawing (1 mm. = 0:69”); (c). by means of an 
ordinary graduated slip in the eyepiece (1 div. = 1-424); (d). for irregular objects by 
camera lucida drawings followed by measurement of the area with a planimeter; areas 
are then converted to the diameter of the circle with the same area (one planimeter 
unit = 15-847). All equivalents given are for 1/12” objective and x10 eyepiece. Method 
(c) was little used and was the least accurate for the sizes here measured. 

` The microscopical examinations were made on a Spencer research microscope fitted 
with the following apochromatic lenses: 8 mm., 4 mm. (NA 0:95) and 2 mm. (NA 1:3). 
An achromatic oil immersion condenser (NA 1-3) and critical illumination of the Koller 
type, using a 6-volt filament lamp and a Watson Conradi condenser made up the 
illuminating equipment. With this equipment the rows and dots on the diatom 
Amphipleura lindheimerei could be easily resolved with central illumination. Of the 
diatoms available this was the most difficult to resolve; it was from a Flatters and 
Garnett test plate of 15 forms. No loss of resolution occurred in photographs of the 
diatom at a magnification of 1,000 diameters (see Plate xvi, fig. 5). 


III. THE ANATOMY AND HISTOLOGY OF THE OVARY. 


The gonad in the mature animal lies at the apex of the visceral mass just inside 


the hinge. It covers most of the ventral surface, but dorsally is shorter, extending as 
far as the pericardial sac. 
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The ovarian tissue lies between the external vesicular tissue and the digestive 
diverticula, being separated from the latter by a variable layer of vesicular tissue. In 
the unripe ovary these vesicular tissue layers are quite well defined, but in the ripe 
animal are much reduced. Roughley (1933) has given a full description of the duct 
systems associated with the ovary. 

The ovarian tissue itself is divided into lobules which, in the unripe ovary, are 
fairly widely separated by vesicular tissue. This, in the ripe state, is reduced to a few 
attenuated strands. Lying on this vesicular tissue basis are cell types A, B and C, 
and occasionally D, while the mature oocyte lies in the lumen. There is no stalk 
connecting these cells with the follicle wall as has been described for some other 
pelecypods. 

The following cell types may be differentiated in Helly-fixed specimens. Most 
features are described from Masson or iron haematoxylin preparations. The measure- 
ments are from fixed preparations and are to be used in a relative sense. 


1. Germ Cells. 
Type A. The Definitive Auxocyte. 


This appears in Helly- and Bouin-fixed specimens as a tightly entwined clump of 
chromosomes surrounded by a clear area. The cell is 4—54 in diameter, the chromosome 
clump making up about two-thirds of this. The clear area cannot be stained, but appears 
to be surrounded by a very thin rim which presumably represents cytoplasm. 

The cell was present in all ovaries examined from the wintering to the spawning 
state. It appeared to decrease in number as the ovary developed, but this may have been 
due to the general expansion of the follicle wall as it became distended with ripe eggs. 

The cell is identified as a definitive auxocyte, i.e., an oocyte just before entry into 
the growth phase. Evidence supporting this contention is as follows: (a). The chromo- 
some formation can be traced in a continuous series from this cell up to the chiasmata 
of the ripe egg. (b). The constancy of the cell throughout the whole of the time of 
ripening of the ovary, i.e., it is not a dividing cell. (c). Morphometrically the germinal 
vesicle (i.e., chromosomes and clear area) has a slightly smaller diameter than the 
next stage described and the nucleolus/germinal vesicle and germinal vesicle/cytoplasm 
growth graphs extrapolate (at zero nucleolus and zero cytoplasm, respectively) to a 
figure very near the diameter of this cell. 

No nucleolus is visible in this cell (Pl. xvi, figs. 6, 7, 14). 


Type B. Auxocyte 1. 


This differs from the foregoing in possessing a well-defined area of cytoplasm 
surrounding a germinal vesicle in which the chromosomes have become more spread 
out and which possesses a nucleolus. The cytoplasm is often somewhat flattened along 
the follicle wall. The dimensions of the cell are: nucleolus 1:74, germinal vesicle 6z, 
whole cell 9u. Cells intermediate between A and B were found without a nucleolus 
and with reduced cytoplasm. 

The cytoplasm is homogeneous, the germinal vesicle centrally placed and the 
nucleolus excentric, but not in contact with the membrane of the germinal vesicle 
(Pl. xvi, figs. 8, 14; Pl. xvii, figs. 26, 32). 


Type ©. Auxocyte 2. 


This cell is larger than the foregoing and possesses P granules in the cytoplasm. 
Typical dimensions are: nucleolus 2°34, germinal vesicle 7u, whole cell 126x. 

The chromosomes are more widely spaced and the excentricity of the nucleolus not 
so marked, possibly because of its larger relative size. The germinal vesicle is ceutral 
and the cell usually spherical. The granules appear in a group at one pole of the 
nucleus and in the typical cell are about three in number. There is a tendency for 
patches of chromatin to adhere to the germinal vesicle membrane (PI. xvi, figs. 8—10; 
Pl. xvii, figs. 27, 28, 30, 31; Pl. xviii, figs. 34, 38, 39). 
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Type D. Auxocyte 3. 

This is an oocyte which is about half grown. It is a spherical cell of diameter 20u 
with a central germinal vesicle of diameter 114 containing an excentric nucleolus 4-24 
in diameter. The cell is usually separated from the follicle wall, lying free in the lumen. 

The P granules which have reached about their maximum number are found in 
groups of 10 or so and begin to show evidence of the peripheral location typical of 
the mature egg. The chromosomes are beginning to show the formation present in 
the mature oocyte (Pl. xvii, fig. 32; Pl. xviii, figs. 33, 37, 42). 


Type E. The Mature Oocyte. 

The shape of this cell is often irregular in fixed preparations, due partly to shrinkage 
and partly to deformation by surrounding cells. The cell lies free in the lumen of the 
follicle. The nucleolus still lies peripherally in a spherical germinal vesicle which 
often contains small round particles -la in diameter. They are distinct from the 
nucleolar fragments sometimes found. The chromosomes can usually be seen near the 
germinal vesicle membrane as fine paired structures showing chiasmata. 

Typical dimensions for this cell are: nucleolus 4:64, germinal vesicle 21u, whole 
cell 38u. The P granules have now adopted their typical cortical position and the 
broken down L granules can be seen in the medulla of the cell (Pl. xviii, fig. 45; 
Pl. xix, figs. 54, 55; Pl. xx, figs. 56—58, 60). i 


2. Non-Germinal Cells. 
Type F. The Wandering Tissue Cell. 


This cell is widely distributed in the animal. In the ovary it occurs both in the 
vesicular tissue between the follicles and also sometimes in the follicle itself, especially 
in the earlier stages of ripening. 

The nucleus, which bas a diameter of about 3u, is coarsely granular with a 
peripheral rim of chromatin under the nuclear membrane. It is spherical and usually 
centrally placed in the cell. The cytoplasm is usually hyaline but often appears some- 
what vacuolated. The cell diameter is 5—6u. 

The granular cells of this type which have often been described in molluscs (see, 
e.g., Liebman, 1946) were not a feature in the present material (P1. xvi, figs. 13, 15). 


Type G. The Fixed Vesicular Tissue Cell. 


Usually no cytoplasm can be seen in this type. The nucleus is elongated and 
irregular in shape, lying along the main strands of vesicular tissue. Its size and 
chromatin distribution are essentially similar to the wandering tissue cell (Pl. xvi, 
figs. 9, 15). 


3. Undetermined Cell Type. 
Type H. 

This cell occurs in the ovarian area between the follicles and also around the 
digestive apparatus. Its frequency is variable, but it appears to be commoner in mature 
ovaries. 

The nucleus is somewhat larger than the above two cell types, ovoid (diameter 4u), 
and its chromatin texture is looser. A very small nucleolus is present and usually no 
cytoplasm can be distinguished. The significance of this cell was not determined 
(Pl. xviii, figs. 35, 36). 

It is not the purpose of this paper to consider germ cell cycles or sex change. It 
may be stated, however, that evidence, as sure as any evidence based entirely on fixed 
preparations can be, was found for the latter. It does not, however, appear to be a 
very common process and its recognition needs careful study with high powers of the 
microscope. Roughley (1933) has discussed aspects of the sex change in this species. 
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IV. SYSTEMATIC STUDY OF THE VARIOUS CELL STRUCTURES IN OOGENESIS. 


1. The Nucleus. 
(a). The Nucleolus. 


The nucleolus first appears in the early growing oocyte. It is always spherical 
and probably always excentrically placed in the germinal vesicle. The excentricity, as 
far as can be judged, is not due to gravity. It has never been seen in contact with the 
germinal vesicle membrane and its position in the germinal vesicle does not change 
during yolk formation. It is well stained in iron haematoxylin preparations, is 
differentially stained yellow in Masson preparations when differentiation of the iron 
haematoxylin is carried far enough, and is brilliant red in Bensley-Cowdry preparations. 
The internal differentiation often found in solitary nucleoli in oogenesis is not found 
in stained or unstained preparations mounted in euparal at any stage. Unstained Helly 
preparations mounted in low refractive index media sometimes show the presence of 
refractile granules in the centre of the nucleolus in mature oocytes. These cannot be 
seen in the living egg. 

Nucleolar fragments have been observed lying free in the nucleoplasm but not in 
contact with the germinal vesicle membrane. For the following reasons they are 
considered artefacts: (a). They are only occasionally observed. Their appearance is 
apparently a peculiarity of the individual, since other animals of the same batch 
similarly fixed and treated do not show it. (0). What are apparently stages in the 
formation of these fragments can be seen in occasional osmic-fixed whole egg 
preparations. There is first a dumb-bell appearance as if the nucleolus is herniating, 
and this gives rise to a dimorphic appearance—the parent body being well stained 
in the osmium and the derived satellite body (still in contact) having the appearance 
of a vesicle and causing little deposition of osmium. From this can apparently. be 
formed vesicles (or rather smaller bodies having the appearance of the satellite) and 
also solid bodies, either by collapse of the vesicle or by further fragmentation of the 
parent body. ‘Text-figure 1 illustrates the process. (c). Fragmentation could be 
regularly seen in acetone-fixed preparations while appearing rarely in ovaries fixed by 
other methods. (d). As described later in osmotic studies, an incipient fragmentation 
could be observed in the living egg. (e). Neither the fragments nor the nucleolar 
abnormalities can be seen in the normal living egg. (f). When present, the process is 
confined to mature eggs and is not found in immature oocytes. 


fsck 
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Text-fig. 1—Formations interpreted as early stages in the formation of nucleolar fragments. 
Camera lucida drawings from whole eggs fixed in 1% osmium tetroxide. Compare with 


Plate xvii, figs. 16-19. 


A very large body of literature exists concerning nucleolar extrusions in oogenesis, 
some of it not very critical. The extrusions are usually considered to be the precursor 
of protein yolk. That the process occurs in some forms is beyond all reasonable doubt, 
and it has been observed in the living egg (e.g., Duryee, 1941; Johnson, 1946). 
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Plate xvi, figures 11, 12, and Plate xvii, figures 16-19, 22, 24, illustrate these 
observations. 


(b). The Chromosomes. 

The chromosomes in the definitive auxocyte are fairly condensed, closely aggregated, 
fairly large structures showing no evidence of coiling. As the cell grows, the chromo- 
somes do not grow in proportion and become more tenuous and diffusely scattered. 
There is little tendency to peripheral aggregation in auxocytes 1 and 2, although there 
is usually a Feulgen positive rim inside the germinal vesicle membrane. In auxocyte 3 
there is a tendency to peripheral placing of the chromosomes, and in these cells the 
chromosomes stain less deeply in Feulgen than those preceding or following. In the 
mature oocyte the chromosomes are paired, thin, coiled structures in which chiasmata 
can be seen. These pairs are usually peripherally placed in the germinal vesicle but 
are not in contact with the membrane. 

Bouin and Helly fixation both preserved the chromosomes well. The former often 
permitted a more intense Feulgen stain, but the latter showed more coiling and longer 
chromosomes, and was considered to give a better preservation. In Helly preparations 
the length of straight chromosomes was up to 12x, and there was also a constant 
relation between a chromosome pair and the nucleolus. The maximum number of 
pairs observed was five. 

In order to check the chromosome number, eggs were fertilized and allowed to 
develop to the 2—4 cell stage. The eggs were fixed in Bouin and sectioned and stained 
by the Feulgen procedure. The metaphase plates proved difficult for chromosome counts 
because of the small size of the chromosomes (1-54) and their close packing (metaphase 
polar diameter 44). Counts of 8-11 were encountered and 10 was the most common 
number. Chromosome morphology, meiotic divisions, etc., will be considered at a later 
stage in dealing with the early development of the fertilized egg. 

No statements on chromosome number in oysters could be discovered in the 
literature. The only indication is a figure by Coe (1931) for spermatocyte divisions 
in Ostrea lurida, in which he figures 10 chromosome pairs. In the text, however, he 
states that chromosome counts were difficult to make “although the number is not large”. 

Plate xvi, figures 6, 9, 10, Plate xvii, figures 20-25, and Plate xix, figures 50-52, 
illustrate the chromosomes. 


(c). The Karyolymph. 

None of the fixatives employed preserved the natural homogeneous structure of 
the karyolymph in the mature or half grown oocyte, although earlier stages were well 
preserved by many. All caused varying amounts of vesiculation, giving a reticular 
appearance to the fixed germinal vesicle. This suggested that the contents had a 
high water content. This was borne out by the centrifugal experiments. 

The reaction of the reticulum was amphophilic. Small, relatively basophilic granules 
were noticed in the germinal vesicle, but had no relation to the chromosomes nor did 
they appear to be nucleolar fragments (P1. xx, fig. 60). 


(d). The Nuclear Membrane. 

The germinal vesicle membrane is quite distinct in iron haematoxylin preparations 
mounted in euparal. It occasionally shows wrinkles on its surface. 

The membrane is more distinct in the early oocytes in iron haematoxylin prepara- 
tions, but this was considered to be due to the presence of a chromatin rim (possibly 
extrachromosomal) just inside the membrane. The basophilia of the membrane itself 
shown in iron haematoxylin preparations, is less evident in toluidine blue or Ehrlich’s 
haematoxylin preparations. Its thickness was estimated to be 0-34 and no change iu 
the thickness was evident during the growth of the oocyte. 


(e). The Nucleolus-Germinal Vesicle Relation. 
When the nucleolar diameter is plotted against the germinal vesicle diameter, an 
asymptotic type of curve results; the growth of the nucleolus, in effect, ceases when the 
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cell is half grown. This rapid growth phase covers the time in which the P granules 
are formed, and the cessation of growth of the nucleolus corresponds to the time 
when P granule formation seems complete. Text-figure 2 illustrates these data. The 
curve dotted in the middle of the main curve appeared to exist, but since it could 
not be correlated with any cytological observation, its statistical significance was not 
investigated. It will be seen that extrapolation to zero nucleolus corresponds fairly 
well to the diameter of the definitive auxocyte (cell type A). 


(f). The Nuclear State on Spawning. 

The oyster is of the “Ascaris” type (Wilson, 1925) or of class 1 of Just (1939) in 
that the germinal vesicle is intact on spawning and does not break down until 
fertilization occurs, when two reduction divisions occur rapidly. This condition on 
spawning appears to be common among pelecypods (Just, 1939; Wilson, 1925). 


2. The Cytoplasm. 
The Granular Categories. 

Wherever feasible centrifugal stratification would seem to be the simplest, easiest 
and most accurate method for differentiating the granular categories in any cell. In 
the present material two clear-cut granular categories occur, which, because of their 
cytochemical reactions, are termed P and L granules (protein and lipide, respectively). 


(a). The P Granules. 

These granules are visible in living and fixed eggs as a cartical layer of granules 
which are smaller than the endoplasmic granules. They stain red in the Masson 
procedure and can be stained by iron haematoxylin, but usually the L. granules, either 
whole or broken down, mask the distribution of these bodies since the L granules also 
stain. The clearest differentiation is seen in Bensley-Cowdry staining after Helly 
fixation and in the Champy-Kull procedure. Their integrity and cortical position are 
preserved after Champy, Helly, Mann and acetone fixation, but are evidently not 
preserved after Bouin or Baker fixation. 

They first became evident as a small group of three or so in the cytoplasm of cell 
type C rather nearer the nuclear membrane than the cell membrane. A careful study 
of the germinal vesicle membrane at this stage shows the presence of fuchsinophilic 
granules attached to its outer surface which were at first thought to represent either 
the point of origin of the granules themselves or of their presubstance. The attached 
granules are not present in cells before the origin of the P granules and are not seen 
in cells in which the granules are numerous (before auxocyte 3). There was no 
concentration of the granules beneath the P granule group and they occurred more or 
less evenly distributed around the membrane. As will be shown later, these granules 
are artefacts, representing disintegrated L granules which have become adherent to the 
nuclear membrane. 

The orientation of the P granule group was tested against the position of the 
nucleolus and the position of the follicle wall. The former showed no constant position 
in relation to the granules. The granules, however, showed a constant orientation to 
the follicle wall, appearing in that part of the cell which is furthest from the wall. 
In a few cases this could be ascribed to the proximity of the germinal vesicle to the 
follicle wall, thus leaving insufficient cytoplasm on the proximal side of the cell to 
contain any granules. However, in the majority of cases such an explanation was 
not tenable. 

The granules increase in number possibly partly by new formation and partly by 
division of pre-existing ones, since they tend to occur in groups of 10 or so. No 
perinuclear concentration was observed at any stage, and there seems to be a random 
migration to give a more or less even cytoplasmic distribution. Auxocyte 3 shows some 
evidence of the cortical movement and often the grouping noted above can still be seen. 

The mature egg shows fairly complete restriction of the granules to the cortex. 
Some appear to occur in the medullary region, but most of these are probably broken 
down L granules, which have similar staining properties. 
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There is a small increase in diameter of the granules during oogenesis. In the 
mature egg the granules are invariably spherical and measure about 0-5y in diameter. 

Plate xvii, figures 26-32, Plate xviii, figures 33-37, and Plate xx, figure 60, illustrate 
the P granule formation. 


(b). The L Granules. 

The L granules are not well preserved in Helly, Baker or Bouin fixatives although 
much of their Jipide content is retained. They are preserved in Champy, to a variable 
extent in Aoyama, and usually in post-chromated Helly preparations at least in small 
pieces of ovary. Mann-Kopsch preparations gave the best demonstration, although even 
here the preservation was never perfect, there still being some tendency for coalescence 
of the granules—a situation never seen in the normal living egg. Their diameter in such 
preparations varied between 0-74 and Ip. 


Text-figs. 2-3.—Illustrating the relation between nucleolus and germinal vesicle diameters 
(Text-fig. 2) and germinal vesicle and cytoplasm diameters (Text-fig. 3). The arrows show 
the beginning and end of P granule formation. 


They arise first in a cell about the same size as that in which the P granules first 
appear (cell diameter 12-5u, germinal vesicle diameter 7-44). The granules are somewhat 
smaller than those in mature eggs and arise randomly in the cytoplasm. While groups 
may be present at one pole of the nucleus, this is not typical enough to be generalized. 
There is a slight tendency to grouping of the granules, and no orientation in respect 
to germinal vesicle, L granules or follicle wall could be seen. 

The granules increase both in number and size as the oocyte becomes more 
mature. The increase appears to be continuous and without break. 

That there has been no confusion of L and P granules in the early stages is 
evident from their different behaviour. Furthermore, they may be demonstrated 
together fairly satisfactorily in Mann-Kopsch slides by permanganate bleaching followed 
by an hour or more in 4% chromic acid and then staining by the Altmann method. 
The same simultaneous demonstration can be seen in Champy-Kull preparations. 

Plate xviii, figures 38-45, Plate xix, figures 46—49, 54, 55, and Plate xx, figures 56—59, 
illustrate the L granules. 


(c). The Ground Plasm. 
The ground plasm appeared homogeneous, and no granules could be detected in it 
by any technique. 


BY K. W. CLELAND, 169 


(d). The Cell Membranes. 

As will be seen later, there are probably two membranes present: a plasma 
membrane and an external membrane. The latter, due to its lack of staining, and 
despite its considerable thickness, does not usually show in sectioned material mounted 
in euparal. When cut tangentially there is some evidence of it, on careful focussing, 
but it is not visible in radial section. When the refractive index of the mounting 
medium is lowered (e.g., in aqueous mounting medium for sudan black preparations), 
or in sections not completely dehydrated before mounting, it appears as a refractile 
body. 

The plasma membrane cannot be seen at any stage. 


(e). The Germinal Vesicle—-Cytoplasm Relation. 

Text-figure 3 indicates that there is a linear relation between germinal vesicle and 
cytoplasm diameters for most of the growth period, but the germinal vesicle appears 
to continue to grow after the cytoplasm has reached its maximum size. However, when 
the volume of the nucleus is plotted against the volume of the cytoplasm, a linear 
relation is found. It will be seen that extrapolation to zero cytoplasm gives a value 
agreeing fairly well with the diameter of cell type A. 


V. OBSERVATIONS ON THE LIVING EGG. 


Mature eggs separated from the ovary and examined in sea water are usually 
spherical bodies about 504% in diameter. No accurate measurements of the living egg 
were made. There is no pigment visible nor can any be extracted with lipide solvents. 

The germinal vesicle is optically homogeneous and the nucleolus can be made out 
as a slightly refractile body placed excentrically in the germinal vesicle. It shows 
no structure and in undamaged eggs is perfectly spherical. No trace of the chromosomes 
can be found in living eggs, nor are any granules visible in the karyolymph. 

The cytoplasm is filled with refractile granules, closely packed. Careful examination 
reveals a cortical layer, a few granules thick, in which granules smaller than the 
medullary granules occur. No brownian movement is visible in normal eggs nor is 
there any cytoplasmic streaming, but in injured eggs brownian movement occurs. 

Young oocytes were gathered by differential centrifugation. An ovarian suspension 
was first centrifuged at 400 g. for 3 minutes. This removes mature oocytes, large 
ovarian debris, etc. A further centrifugation of the supernatant at 3,000 g. for 
5 minutes concentrates the young oocytes. These were suspended in a few drops of 
sea water and examined. In the youngest oocytes (type A) no cytoplasm could be 
distinguished nor could the chromosomes be seen. In cell type B the cytoplasm was 
homogeneous and in the germinal vesicle no chromosomes nor nucleolus could be seen. 
The invisibility of the nucleolus is not unexpected, since the much larger nucleolus of 
the mature eggs usually requires a careful search before it is found. Cell type C 
showed the presence of highly refractile granules in its cytoplasm (from one to several), 
but again the nucleolus was not visible. By their number and grouping these granules 
were considered to be P granules. At the time of these observations the early cytology 
of the L granules had not been worked out and these were not looked for specifically. 
However, it would appear that they are not visible at this stage. Cell type D had the 
same structure as the fixed preparations indicated. No brownian movement occurs in 
these young oocytes. 

Various abnormalities of mature oocytes, collected by the method described, were 
noted. They were due to the processes involved in making an egg suspension, but are 
of interest in showing the structure of the egg. (a). Retraction of the cytoplasm from 
the external membrane. This was fairly common but no special treatment was found 
to influence its occurrence. It is definitely not a plasmolytic phenomenon; it had no 
relation to the osmotic pressure of the suspension medium. The germinal vesicle was 
not visible in these eggs, but whether or not its breakdown was the cause of the 
cytoplasmic contraction cannot be stated, since, in any case, the close packing of the 
granules would prevent the germinal vesicle from being seen. The space so formed is 
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clear and free from granules. It is definitely not due to a lifting off of the external 
membrane. (b). A crenated appearance was sometimes found in concentrated egg 
suspensions which had been left for some time. It usually disappeared when the 
suspension was shaken or diluted. It was thought that anaerobic conditions had 
something to do with its appearance. (c). Projections from the external refractile 
membrane at one or more points along its surface. This was not very common and 
was considered to be due to mechanical injury of the membrane itself. It was not a 
myelin formation. The rest of the cell preserved its normal morphology. (d). Presence 
of brownian movement was considered evidence of the moribundity of the cell. 
(e). Abnormalities of the shape of the nucleolus were often associated with abnormality 
(d). (f). Aggregation of granules (L granules) in the cell was also considered to be 
an indication of moribundity. (g). In cells which had been completely cytolysed, the 
germinal vesicle and outer cytoplasmic membrane could be seen as refractile bodies 
which preserved their usual form and relation to one another, but were smaller than 
in the living egg. (h). In some cells vesicular projections from the germinal vesicle 
were seen. They may be single or multiple and are usually connected with the germinal 
vesicle by a stalk, but may become separate to lie free in the cytoplasm. In centrifuged 
eggs these vesicles were the lightest bodies in the cell and tended to be extruded from 
the cell under the action of centrifugal force. They appear to be formed under pressure 
of the cover-glass and contain karyolymph. 

When the cell membranes are punctured the granules flow freely out. The P 
granules appear to retain their identity and the L granules aggregate into irregular 
clumps. During this process of flowing out of the cytoplasm, the cytoplasm away from 
the break preserves its normal contours as it separates from the external membrane. 
That this is due to the presence of another membrane is evident from the rare cases in 
which this also shows a break in continuity, giving rise to an appearance illustrated 
in Text-figure 4. This latter membrane evidently represents the true plasma membrane, 
while that which has been referred to as the external membrane is probably a vitelline 
membrane. 


ExTecnal cyTo plasme 
Membrane. 


Plasma 
Mem hrane, 


L Granule Clump 


Text-fig. 4.—Showing the presence of two egg membranes in an egg which showed a 
simultaneous rupture in both. 


The cells were examined under a polarizing microscope. The only machine available 
was a petrological microscope which was not very suitable for the high resolutions 
needed for small eggs. No birefringence was noted in these cells when mounted in 
sea water. Å 

Due to the light scattered from the granules, dark ground examination did not 
reveal the cell structure as well as bright field. 
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1. Effect of Osmotic Pressure. 

Sea water was concentrated by evaporation, aerated and the pH readjusted to 8-2. 
After dilution and addition of the egg suspension, the concentrations used were: 
180, 150, 115, 100, 84, 50% of the original sea water. The eggs were examined after 
one hour. No serious attempt was made accurately to measure cell diameters, but 
subjectively there was little change. No change in granule integrity was noted at any 
concentration but there was an increase in the percentage of crenated cells in the 
higher concentrations. An incipient nucleolar fragmentation was observed after two 
hours in 50% sea water. ; 


2. Effect of pH. 

Sea water was adjusted to various pH’s with acetic acid and sodium hydroxide. 
Eggs were left one hour before examination. At pH 2-6 the eggs were reduced in volume 
and appeared “fixed”; at pH 50 they were normal in every respect. Nucleolar 
fragmentation was Observed in sonie cells at pH 9-5, but most were normal. Most eggs 
were cytolysed at pH 11:5, but those which preserved their integrity appeared essentially 
normal. The lipide granules aie evidently either more stable to pH changes than those 
of the Amphibia studied by Holtfreter (1946a) or the egg is less permeable. 


3. Effect of Vital Dyes. 

By dilution of a 01% solution in distilled water with sea water, 0-0001% and 
0-00005% solutions of the following dyes were prepared: neutral red “vital” (Gurr), janus 
green B (Grubler), brilliant cresyl blue (Giirr), nile blue (Grubler) and methyl green 
(Gurr); the latter because of its specificity for mitochofidria in Arbacia eggs (Harvey, 
1941). Methylene blue, 0:00002%, was used because of its alleged specificity for Golgi 
apparatus (Worley, 1943 et seqg.). The eggs were examined at 4, 1, 3 and 24 hours. 

With the exception of nile blue, none of the dyes stained the egg. After three 
hours in cresyl blue the eggs weré macroscopically violet but this could not be seen 
Microscopically. Neutral red sometimes stained a patch of granules opposite a visible 
abnormality in the external membrane, but normal cells never stained. Nile blue 
stained rapidly and, while no cortical differentiation was evident, by centrifugation of 
thé eggs the stain was shown to be confined to the P granules. 

In the same suspensions, inclusions in the ciliated gill epithelial cells, which were 
sometimes present, were found to stain with the dyes in the concentrations used. 

In early oocytes, collected by differential centrifugation, the P granules stained 
with neutral red and methylene blue—the only dyes used on these cells. 

Whether this lack of staining of mature eggs was due to non-penetration of the dye 
or to rapid reduction to a leuco form, was not ascertained. 


4. Effect of Centrifugation. 

Centrifugation of mature egg suspensions by the method described gave clear 
separation of the granules. Some batches of eggs were refractory. The centrifugal and 
centripetal poles could not be determined directly but were deduced from the following: 
(a). L granules are shown later to contain much lipide and may reasonably be expected 
to have a lower specific gravity than the cytoplasm. (0). P granules are shown to be 
composed of protein and may be supposed to have a higher specific gravity than the 
ground cytoplasm. Having determined which granule group is which, by cytochemical 
means, the poles may be identified in any cell by the position of the germinal vesicle 
and nucleolus: the former migrates centripetally and the latter migrates centrifugally 
in the germinal vesicle. The difference in specific gravity between the L granules and 
the germinal vesicle is evidently not very great because the former are packed around 
the centripetal circumference of the germinal vesicle. This confirms deductions, made 
in an earlier section, about the high water content of the germinal vesicle and also 
suggests that the specific gravity of the L granules approximates that of water. The 
lack of deformation of the germinal vesicle membrane by the nucleolus suggests that the 
latter has a specific gravity the same or less than the cytoplasm. 
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In dividing cells the centrifugal force used caused no change in position of 
metaphase or anaphase configurations. The cytoplasmic components of cells in mitosis 
were more difficult to stratify than those of resting cells. 

One hour after centrifugation the granules in most oocytes were still stratified. 

Plate xix, figures 50-53, and Plate xx, figures 61-64, show the formations observed 
in centrifuged eggs. 


5. Oxygen Uptake. 

In order to determine whether the eggs respired rapidly enough to be suitable for 
manometric studies, the oxygen uptake of fertilized and unfertilized eggs was determined 
by the direct method of Warburg. At 26°C. the Qo. (N) of unfertilized eggs was — 4:5 
and for fertilized (2 — 16 cell) -14. Normal cleavage occurred in the flasks when shaken 
at 100 cycles per minute. The figure of Humphrey (1946) for adductor muscle of this 
species recalculated as Qo. (N) is -1 (at 26°C.). Warburg (1915) records values of 
—~1:5 and —12 for unfertilized and fertilized Strongylocentrotus eggs of a comparable 
stage of development (at 23°C.). Whitaker (1931) finds a decrease of 45% on 
fertilization in Cumingia eggs. His values cannot be converted into Qo: (N). 


VI. CYTOCHEMISTRY. - = a : = 
i. Lipide. 

Variable amounts of sudan black stainable lipide were preserved by all the fixatives 
used. The following descending series was found: Helly with post-chromation, Helly, 
Baker and Bouin. The following descending series was found for the various dehydra- 
tion techniques: freezing drying, dioxan and alcohol-xylol. As far as can be judged, 
the osmic-containing fixatives preserved the most lipide, but Mann-Kopsch did not 
appear to be very much better than post-chromated Helly. - Unhydrolyzed Feulgen 
preparations of the sublimate containing Helly showed the same gradations in the 
dehydration series; the strongest reaction occurred in post-chromated Helly preparations. 

Once fixed in Helly’s fluid, the lipides are almost impossible to remove by extraction 
procedures, being more difficult to remove than was the case in snail spermatocyte 
dictyosomes studied by Baker (1944). All extractions were carried out in the Soxhlet 
apparatus at a temperature slightly less than the boiling-point of the extractant. After 
extraction, slides were stained in sudan black. Table 1 describes these data. The 


TABLE 1. 
Hours Degree of 
Extractant. Temperature. Extraction. Extraction. 
Alcohol-chloroform, 3:1 .. ae 75° ©. a 0°5 
99 l 5 > ae ii D 36 2-5 
T oe ne me 5 6 2 
2 hi BS 36 3 
Ether l a no y Ae ae Ch, 36 2-5 
Pyne = sir T ats 100° C. 36 3 
3 D 72 4 
Do. Permanganate* .. me ai s 36 4-5 
a eae 2 : 110° C. m, i 8 
SS T 
5» ” 90 1 9-5 


a O a ŘŘÁ M O, 


* Indicates treatment in 4% KMnO, for two minutes followed by oxalic acid before extraction 
commenced. ; 
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figures showing the degree of extraction are approximate, 10 representing complete 
extraction. Frozen dried paraffin sections were used throughout. 

Iron haematoxylin and unhydrolyzed Feulgen preparations of the extracted slides 
showed the same sequences as did sudan black. With the exception of xylene-acetic, 
extraction caused little or no change in the cytological details. After xylene-acetic 
extraction the cytological detail was obscured, evidently by solution of part of the 
protein. This probably allowed a more intimate contact between extractant and lipide. 

Acetone-fixed paraffin sections were found to contain little or no lipide. The 
extraction presumably occurred mainly in the alcohol and xylol used both before 
embedding and also in bringing the sections on the slide down to water. Fixation in 
acetone or alcohol appears to be the only way of obtaining a lipide-free section—a 
matter of importance in glycogen cytochemistry. 

Mann-Kopsch preparations, treated with permanganate for short periods in order 
to clear them, could be bleached to a considerable extent in turpentine. The osmic 
blackening was just visibly reduced in half an hour and was almost completely absent 
after four hours. At no stage of this extraction was any vesicular (rim) structure 
demonstrated in the L granules. Slides treated in turpentine for varying periods were 
stained in sudan black. After two hours’ extraction, the morphological integrity of the 
L granules had been largely destroyed, and, presumably by migration of lipide, the 
cell cortex was no longer sharply differentiated from the medulla. However, there was 
still a considerable amount of lipide, demonstrable by sudan black, after four days’ 
extraction in turpentine. ‘Sudan black could be rapidly and completely removed from 
Helly preparations by treatment with absolute alcohol, but in turpentine-treated Mann- 
Kopsch preparations the time was much prolonged; evidently osmic fixation alters the 
sudan black solubility properties of the lipides in some way or preserves a further 
lipide class in which sudan black is very soluble.. 

Treatment of Helly preparations for two- hours with turpentine caused no 
demonstrable decrease in the amount of sudan black stainable lipide. i 

The Aoyama method did not preserve the L granules very well, but in lightly 
impregnated. preparations a blackened rim could be seen in the-intact- granules. This 
can hardly be interpreted as an indication of a core of neutral fat, since the impregnation 
seems to be due to a deposition of finely divided metal produced outside the structure 
impregnated. The rim would be due to the fact that the silver had not yet penetrated 
into the core of the granule; sudan black staining of Aoyama preparations indicates 
that this is the case. More deeply impregnated Aoyama preparations show the L 
granules as solid, but whether this is due to penetration of the silver particles into 
the centre, or merely to a cortex so dense as to obscure any internal differentiation, 
cannot be decided. 

The identity of the lipide classes—phospholipide, fatty acid and neutral fat—is 
dificult to recognize cytochemically when the three are present together. Because of 


TABLE 2. 
Hours Degree of 
Extraction. Extraction. Appearance. 
0* — Lightly stained globules. 
1 0 Intensely stained rims, no centre, 
6 2-5 90 iD 680 n 
12 5 F; 50 za Jay 
24 8 Lightly stained rims. 
36 10 === 
(complete) 


* Taken up to xylol and down again to water. 
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the solubility properties of the fixed lipide in the present material, the presence of 
phospholipide seems proved. Helly-fixed free fatty acid will resist extraction for a 
considerable time. Oleic acid was emulsified with gelatine and smeared on slides. 
After fixation in Helly they were subjected to varying times of extraction with alcohol- 
chloroform mixture and stained in sudan black, giving results which are set out in 
Table 2 (ef., Tennent and Gardiner, 1930). 

It is evident from the above that the L granules cannot be composed entirely of 
fatty acid, but it cannot be decided whether fatty acid is present or absent in them. 

Nor is thé presence or absence of neutral fat easy to determine. The previous 
observations suggested that it was not present, but neutral fat may have been extracted 
before the slides teached the sudan black (i.e., during embedding, and in bringing 
the slides to water). As sudan black staining is really too intense to enable small 
changes in lipide concentration to be observed under the microscope, the sudan IV 
method of Kay and Whitehead (1935) was used on isolated eggs. Individual L granules 
were studied as far as possible and estimated degrees of staining found are set out 
in Table 3. 


TABLE 3. 
Degree of 
Material. Staining. Remarks. 

Fresh egg* me ae oe aA ae ae 10 Granules mostly coalesce. 
Acetone-fixed egg of fe Ae A sus 6 99 o 7 
Helly-fixed egg s D of ae M; 10 Granules mainly intact. 

aS » 9 acetone treated .. rr ay 8 Granules largely coalesced. 

F „ » alcohol treated .. oS be 7 50 a P 
Paraffin sections (frozen dried) A as bas 6 5 5 s 


* Gave clear demarcation between cell cortex and medulla. 


The above was considered to indicate the probable presence of neutral fat although 
the amount is not necessarily in relation to the degree of reduction of staining noted 
above. Little difference in size of the L granules in living, Mann-Kopsch or post- 
chromated Helly-fixed eggs could be seen, although such a difference might be expected 
if neutral fat were dissolved out of the granules. 

The cytochemical evidence thus points to the presence of phospholipide, neutral fat 
and possibly free fatty acid, in the L granules. 

In the mature egg cytoplasm, lipide is confined to the medullary. region; no lipide 
is present in the cortical P granules. In Helly, Baker and Bouin preparations, the 
breakdown of the L granules—followed presumably by some migration of lipide— 
obscures the lipide-free cortex to a variable extent. As far as can be seen, in prepara- 
tions in which L granule morphology is completely preserved, no lipide occurs in the 
ground cytoplasm, but there is a slight sudan black staining of the L granule free 
cytoplasm of auxocyte 1: There is very light staining of the nucleolus and nuclear 
reticulum (cf., Stoneberg, 1939) and no apparent change in this staining is evident 
during the growth of the oocyte. An apparent light staining of the external cytoplasmic 
and germinal vesicle membranes was evidently an artefact, due to increased refractility 
in the water-mounting medium (low refractive index), since it was also evident in 
unstained preparations. 

The fuchsinophilic granules on the germinal vesicle membrane, noted in a previous 
section, were considered artefacts due to adherence of broken down L granules to the 
membrane for the following reasons: (a). Simila* formations could be stained by sudan 
black in the same cell types, but not in cell types other than those in which the 


BY K. W. CLELAND. 175 


fuchsinophilic granules occurred. (b). They are not shown in Mann-Kopsch, Champy or 
Kolatchev in which the L granules are more completely preserved. (c). In post- 
chromated Helly preparations the same adherence to the nuclear membrane occurs 
in the early cells, but here the clumps are larger. (d). In cells where the formation is 
present, no L granules can be demonstrated in the cytoplasm; L granules are known 
to occur in the cytoplasm of cells of this stage in Mann-Kopsch preparations. 

No attempt was made to follow sterol distribution. 

Plate xix, figures 47-49, 53-55, and Plate xx, figures 58, 59, 61, illustrate some of 
these observations. 


2. Glycogen. 


The Bauer method, as described by Bensley (1939), was used, the Feulgen reagent 
and wash waters being those of Rafalko (1946). Chilled acetone was used as the 
fixative since with all other fixatives interference by lipide would be expected (cf., 
Holtfreter, 19460). Most of the slides were lipide free to the sudan black stain but 
were given four hours’ extraction with alcohol-ether (2:1) mixture first. This caused 
a slight reduction in the colour of the experimental slides in some cases, presumably 
due to removal of the small amount of residual lipide. Table 4 illustrates the results. 


TABLE 4. 
slide. Pretreatment.* Colour. 
1 None. 10 
2 Distilled water 1 hr. 9-10 
2 2% malt extract (40° C.) 1 hr. a 
4 Saliva (40° C.) 1 hr. 7 
5 Saliva (40° ©.) 4 hrs. 3 
6 Straight into Feulgen. 0-1 


* All slides placed into chromic acid and Feulgen reagent at the same time. 


The residual colour in Slide 5 may be due either to incomplete removal of glycogen 
by salivary amylase or to the presence of another polysaccharide, e.g., galactogen 
which would not be attacked by the enzyme. 

Little change in glycogen content could be seen during the growth of the oocyte. 
The reaction is confined to the cytoplasm. 


3. Alkaline Glycerophosphatase. 


The method of Gomori (1941) was used; a mixture of a and 8 glycerophosphates 
was the only substrate used. Slides of acetone-fixed ovary were incubated for 4, 8 and 
24 hours at 40°C.; the high temperature did not inactivate the enzyme in the times 
used. A strong reaction was given by the digestive diverticula. The oocytes appeared 
to give a strong reaction, especially in the germinal vesicle on nucleolar fragments and 
other granules, but the same pseudo-reaction was present in slides incubated without 
substrate. Placing the slide in boiling water abolished the reaction in the digestive 
diverticula, but had no effect on the oocyte pseudo-reaction. 

Phosphatase has been described in nuclei by most workers using the reaction—an 
observation substantiated by chemical evidence in the case of isolated liver nuclei by 
Dounce (1943)—and has been stated to be present on chromosomes by Willmer (1942), 
Krugelis (1941) and Danielli and Catcheside (1945). No such distribution either in 
chromosomes or nuclei could be demonstrated in the germinal cells of the present 
material. 


N 
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4, Protein. 

The Millon reaction was performed using the reagent of Bensley and Gersh (1933) 
and the reagent of Cole (1933) diluted 1:1. Attempts to use the Folin and Ciocalteau 
reagent were unsuccessful. 

The Sakaguchi reaction was performed by the method of Thomas (1946). The 
staining was more intense than after Serra’s (1946) method. 

The distribution of fixed - SH groups was investigated on fixed material by the 
method of Serra (1946) before and after HCN pretreatment, and by the method of 
Brachet (1938) using separated mature eggs. Neither method gave rise to any colour, 
macroscopic or microscopic. 

Bouin, acetone and Helly preparations were used. 

Tyrosine.—Oocytes and digestive apparatus gave about the same colour. The 
vesicular tissue gave the least reaction, but it was proportionately more than for the 
arginine reaction. In the mature oocyte the nucleolar reaction was approximately 
the same as the cytoplasmic reaction. There was some increase in cytoplasmic 
reaction as the cell became more mature. In young cells the nucleolus gave a lighter 
reaction than the cytoplasm of its cell but this can be explained by the smaller size 
of the nucleolus in these cells (nucleolar diameter 2-44, section thickness 54). No 
difference in colour between P granules and ground cytoplasm could be seen. 

Arginine.—Little or no reaction occurred in the vesicular tissue; the vesicular 
tissue nuclei were slightly differentiated. The oocytes gave a more intense reaction 
than the digestive apparatus (except for certain granules and the ciliary insertion 
regions). In the mature oocyte the nucleolus and cytoplasm gave about the same 
colour. Little change in apparent content was noted during the formation of the egg. 
No difference in arginine content between P granules and ground cytoplasm was found. 
The chromosomes of the definitive anuxocyte were not well differentiated and the 
nucleus in the cells of the digestive apparatus was not differentiated from the cytoplasm. 
The fact that the nucleolus in the young oocytes gives about the same colour as the 
nucleolus of the mature egg, can probably be interpreted as meaning that the arginine 
content of the former is higher. 


5. Ribose Nucleic Acid. 

Attempts were made to demonstrate ribose nucleic acid by the McRary and Slattery 
(1945) reagent and by the methods of Mitchell (1943), but were not successful. 
Reliance had therefore to be placed in the distribution of basophilia. It was not 
convenient to prepare ribonuclease but the relative distribution of the basophilia, 
taken in conjunction with the analytical figures for ribonucleic acid, was considered 
to give a reasonably accurate relative idea of the distribution of the nucleic acid. 

Toluidine blue and Ehrlich’s haematoxylin staining ot Helly, post-chromated Helly, 
Bouin- and acetone-fixed slides form the basis of the description. Acetone fixation, 
while probably satisfactory for histochemical comparisons, was not suitable for cyto- 
chemical observations. Helly and post-chromated Helly preparations gave essentially 
the same picture as Bouin, except that the degree of basophilia was reduced in all 
structures in the former fixatives. Ehrlich’s haematoxylin gave essentially the same 
picture as toluidine blue. 

Little change in nucleolar basophily could be seen as the cell developed, but there 
appeared to be some increase in the cytoplasm. The germinal vesicle membrane was 
usually well differentiated, but there was no staining of the external cytoplasmic 
membrane. A clear demarcation of the cell cortex was usually present—it was very 
lightly stained as contrasted with the deeply stained medulla. 

Some of the medullary reaction was due to the presence of lipide, since the lipide 
granule debris attached to the nuclear membrane in the early cells was often differen- 
tiated from the cytoplasm. However, in Bouin preparations, the lipide-free cortex is 
seldom visible in sudan black preparations, while in the basophilia preparations the 
cortex was usually visible as a rim staining much less intensely than the medulla. 
The conclusion that the P granules contain little or no nucleic acid, and that the latter 
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is confined te the ground cytoplasm, seemed warranted. The fact that the nucleolar 
reactions of the early and mature oocyte are the same probably means that the 
nucleolus of the young oocyte contains more nucleic acid. 

Harvey and Lavin (1944), on the basis of ultraviolet light photography, describe a 
maximum nucleic acid absorption in the clear area (ground cytoplasm) of the 
centrifuged Arbacia punctulata egg. 


VII. CHEMICAL ANALYSES. 


The figures here quoted are from analyses of a batch of eggs collected in March 
from seven oysters. This can hardly be considered representative of the population, 
but the results are reported primarily as a check on the cytochemical findings. 

The eggs were removed from the ovary, centrifuged and dried by several suspensions 
in absolute alcohol over a period of two hours, followed by ether, and finally filtered on 
a sintered glass filter. The alcohol-ether drying fluids were combined and the volume 
noted. The weight of the dried egg powder was 980 mgm. and it was practically 
lipide free. 

Stannous chloride was used for reduction of the phosphomolybdate complex, since 
it allowed the estimation of much smaller quantities of phosphate than other reducing 
agents. Deviation from Beer’s law is corrected by a standard graph. Ribose nucleic 
acid (or more accurately residual pentose) was determined by a method similar to 
that of Davidson and Waymouth (1944). The pentose colour was developed in the 
NaCl extracts by the reagent of McRary and Slattery (1945) using xylose as standard. 
Glycogen was estimated by the method of Humphrey (19400) for digestion, precipita- 
tion and hydrolysis, the reducing sugar being estimated by the method of Nelson (1944). 
Nitrogen was determined by direct nesslerization. Turbidities occurred in some 
estimations due to the large quantities of calcium and phosphate. They were overcome 
(a) by centrifugation if turbidity was slight; (b) alkalinization of digest and allowing 
calcium phosphate to settle; and (c) by Parnas-Wagner distillation and nesslerization 
of the distillate. Any turbidity in phosphorus determinations was removed by extraction 
of the molybdenum blue in butyl alcohol. i 

All figures quoted are means of at least one set of duplicates. 


1. The Egg Powder. 


The egg powder (11:7% total N, 1-31% total P) was subjected to the fractionation 
procedure of Berenblum Chain and Heatley (1939). The results obtained are set out 
in Table 5. 


TABLE 5. 


Lipide Extract. 


(Alcohol, Chloroform, Acid Extract. Residual 
Ether.) (N/10 HCl.) Powder. 
Ammonia N .. a BA T: == Nil — 
Total N ae ae ae aye 0:135% 0:99% 10-2% 
Total P 0-033% 0056% : Ov, 
Inorg. P (apparent) .. J a — a Way, = 
Organic P Be Be: wes ou — 0-418% — 
a oo mee a6 sus sige 4-05 == 14:2 


P 
The residual pentose content of another sample of lipide and acid-extracted powder 
was found to be 27%. This powder was found to contain 1-15% phosphorus, so that in 
terms of the original unextracted powder, the pentose content is 166%. This 
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corresponds to a ribose nucleic acid content of 7:0% and to a ribose nucleic acid 
phosphorus of 0:-67%. The closeness of this figure to that for residual phosphorus may 
be more apparent than real, since the method is subject to more error than most other 
estimations and needs careful checking in unknown material. The figures are much 
higher than those of Brachet (1931, 1936) for sea urchin eggs and those of van der 
Ghinst (1934) for trout eggs. 

Glycogen was found to comprise 2:7% of the dried powder. This is considerably 
less than the glycogen content of dried whole oyster (Humphrey, 1941a), but may 
explain the seasonal curve of glycogen content which he found. 


2. The Drying Fluid. 

This contained 0:24 mgm. N and 0:105 mgm. P per 5 ml. A maximum of 0:08 mgm. 
of the phosphorus was soluble in hydrous ether and the nitrogen content could be 
reduced to 0-068 mgm. by leaving in contact with N/10 HCl overnight. It is evident that 
the N/P ratios have little significance. i , 

An aliquot (45 ml.) of the drying fluid was evaporated under reduced pressure and 
the residue extracted with acetone. The acetone extract was centrifuged, evaporated 
and dissolved in alcohol. Titration of the alcoholic solution suggested the presence of 
free fatty acid equivalent to 0-67 ml. 0-04N NaOH. After saponification, this solution 
contained fatty acid equivalent to 0-6 ml. 0:‘5N NaOH. In order to eliminate water- 
soluble fatty acids, and because the titration had not been done on a microburette, the 
fatty acids produced by saponification were collected, washed, dissolved in alcohol, and 
titrated with 01N NaOH. They were equivalent to 2:43 ml. This figure was used for 
calculation. The acetone-insoluble fraction of the original fluid contained only 55% of 
the phosphorus present in the original drying fluid; this meant that the total fatty 
acid after saponification had to be reduced by an amount equal to the phosphatide 
present in the acetone extract (45% of whole phosphatide). It also meant that the 
apparent free fatty acid content was too high. 

Calculation on the following bases: Phospholipide containing 38% P and 95% of 
total P in drying fluid being phosphatide P; phosphatide saponification number 130, 
neutral fat and fatty acid saponification number 190—suggested the following amounts 
of lipide in the drying fluid and calculated dry weight of lipide containing eggs. The 
figures are, of course, to be regarded only as approximations (see Table 6). 


TABLE 6. 


Free Fatty 


Phospholipide. Acid. Neutral Fat. Total. 
Drying fluid i a as 120 mgm. <39 mgm. 306 mgm. 465 mgm. 
Original dry weight is pa 8:9% EAT 21% Beh, 


VIII. Discussion. 

The terms “mitochondria” and “Golgi apparatus” were avoided for numerous 
reasons. 

There is no trace of either L or P granules in very young oocytes, nor do they 
change much in morphology or apparent chemical composition during the maturation 
of the egg. For these reasons they should come under the rather loose term “yolk”. 

The P granules differ in significant ways from mitochondria; they are more constant 
in size and morphology, are distributed in an unusual way in the mature egg, contain 
no lipide and apparently no nucleoprotein and do not stain in janus green B (although 
this may be due to non-penetration or slow penetration with rapid reduction). 

The absence of mitochondria in young oocytes, and indeed, in all oocytes, is 
contrary to the theory that mitochondria are constant cell constituents. This is not, 
however, the first case in which mitochondria could not be identified in young oocytes, 
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and it would be begging the question to conclude that these cases are due to inadequate 
technique. A considerable literature now exists on sub-microscopic particulates in cyto- 
plasm, and it seems likely that they are just as constant a cell constituent as the 
mitochondria, which they resemble closely in qualitative composition. However, there 
does appear to be some enzyme difference (Moog and Steinbach, 1946; Steinbach and 
Moog, 1945; Hogeboom et al., 1946; Schneider, 1946). It may be that the microsomes 
can perform the functions of the mitochondria where the latter are absent, and may 
be transformed one into the other. Harvey (1946) has reported normal development 
of “mitochondria”-free Arbacia eggs and de novo formation of “mitochondria” during 
development of the egg. 

The L granules also differ significantly from the classical Golgi apparatus; they 
are more resistant to fixatives, can be seen in the living cell and þe stained with routine 
dyes. They show none of the typical complicated morphology and relations of the 
Golgi apparatus and none of the changes with physiological state which must be 
regarded as the sine qua non of the Golgi apparatus. Without some such criteria, 
there is no reason why any particulate bit of phosphatide or fatty acid should not be 
regarded as Golgi apparatus. The only way to establish an homology between the L 
granules and the Golgi apparatus would be to trace the former from the egg into the 
differentiated cells of the young animal, as Worley and Worley (1943), Worley (1944) 
and others have attempted to do. Even here the connection depends on what the 
author considers to be Golgi apparatus in the differentiated cell. The L granules are 
also different in their centrifugal properties from what is usually found for Golgi 
apparatus (cf. Beams, 1943; Hibbard, 1945). 
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X. SUMMARY. 


(1) Previous literature on pelecypod molluse oogenesis is detailed. 

(2) Methods of removing eggs from the mature ovary are described; eggs so 
removed are considered essentially comparable with naturally spawned eggs. 

(3) An adapted Masson technique and a method of dehydration by freezing drying 
are described. 

(4) An unusual type of definitive early auxocyte occurs. 

(5) Nucleolar fragmentation is shown to be an artefact in the present material. 

(6) The chromosomes may be seen at all stages of oogenesis. The diploid number 
is 10 and the reduction divisions occur after sperm entry. 

(7) On centrifugal and cytochemical grounds, protein and lipide granules are 
differentiated, which are confined to the cortex and medulla, respectively, of the mature 
egg. Stages leading up to this are described. 

(8) An external (vitelline) and an internal (plasma) cytoplasmic membrane are 
present. 

(9) The eggs are resistant to changes in osmotic pressure and pH of the suspension 
medium. Of six vital dyes used only nile blue caused any staining. 

(10) The Qo: (N) of fertilized and unfertilized eggs was -14 and —4:5 respectively. 

(11) Centrifugal stratification of the eggs is described. 

(12) Cytochemically the lipide granules consisted of phospholipide and some neutral 
fat. The presence of fatty acid could not be excluded. 

(18) The presence of polysaccharide, probably glycogen, in the eggs is indicated. 

(14) No alkaline glycerophosphatase could be demonstrated in the egg. 

(15) An apparent increase in tyrosine was found in the egg protein as the cell 
developed, but no change in arginine could be demonstrated. 
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(16) The distribution of basophilia suggested that cytoplasmic ribose nucleic acid 
was confined to the ground cytoplasm. 
(17) In general, chemical analysis confirmed cytochemical findings. 
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EXPLANATION OF PLATES XVI-XX. 
Lettering. 


a-h, Cell types A-H. ac, Anaphase chromosomes. cc, Cortex of mature oocyte. cf, Centri- 
fugal end of cell. cp, Centripetal end of cell. ds, Vesicle detached from satellite nucleolar 
body. fw, Follicle wall. ge, Ground cytoplasm. kr, Karyolymph reticulum. lg, Lipide granules. 
lgd, Lipide granule debris. m, Medullary region of mature oocyte. mc, Metaphase chromosomes, 
n, Nucleolus. nf, Nucleolar fragment. ng, Nucleolar granules. nv, Vesicle produced by break- 
down of germinal vesicle. pg, Protein granules. s, Nucleolar satellite. vg, Granulės attached 
to germinal vesicle membrane. vl, Lipide in vesicular tissue. vt, Vesicular tissue. 

A scale corresponding to ten microns is included in each plate. When two such scales 
are present, the figures to which one of them corresponds are given below or at the side of this 
scale. The other scale is for all other figures on the plate. 


Plate xvi. 

Fig. 5.—The diatom Amphiplcura lindheimerei. This is included as a measure of technique 
as the experimental biologist includes standard deviations, etc. 

Fig. 6.—Helly, Feulgen. 

Fig. 7.—Helly, iron haematoxylin. 

Fig. 8.—Bouin, Feulgen. 

Figs. 9-10.—Helly, Feulgen. 

Figs. 11-12.—Helly, sudan black. Nucleolar granules. 

Figs. 13-15.—Post-chromated Helly. Feulgen light green. 


Plate xvii. 
Figs. 16-19.—1% osmic. Whole egg. Nucleolar fragmentation stages. 
Figs. 20, 21, 23, 25.—Helly, Feulgen. Chromosome pairs in mature egg. 
Figs. 22, 24.—Helly, Feulgen. Nucleolus chromosome relation. 
Figs. 26-32.—Helly, Bensley-Cowdry. 


Plate xviii. 
Figs. 33-37.—Helly, Bensley-Cowdry. 
Figs. 38-45.—Mann-lkopsch. 


Plate xix. 
Fig. 46.—Mann-Kopsch. 
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Figs. 47-49.—Helly, sudan black. The artefactory aggregation of L granules on the nuclear 
membrane in early oocytes. Compare with Figures 30, 32 and 34, remembering that there is 
some loss of resolution in slides mounted in low refractive index media. 

Figs. 50-52.—Helly, Feulgen. Centrifuged developing whole egg. No spindle displacement. 
Figure 52 is unusually favourable for chromosome counts 

Fig. 538.—Helly, sudan black. Centrifuged developing whole egg. The visibility of the P 
granules is caused by the low refractive index of the mounting medium. 

Fig. 54.—Post-chromated Helly. Unhydrolysed Feulgen. The L granules stain. 

Fig. 55.—Helly, sudan black. 


Plate xx. 


Figs. 56-57.—Mann-Kopsch. Mature oocyte. 

Fig. 58.—Helly, sudan black. 

Fig. 59.—Post-chromated Helly, sudan black. 

Fig. 60.—Helly, Bensley-Cowdry. Mature oocyte. 

Figs. 62-64.—1% osmic. Centrifuged mature oocytes. The deposition of osmium on the 
P granules is an artefact due to after treatment. It does not occur in temporary mounts but 
in the present figures serves to show the granule groups. 


